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PREFACE 




The compilers of the present handbook, N. I. Koshkin and 
M. G. Shirkevich, are experienced Soviet teachers. 

The handbook covers all the main subjects of elementary 
physics and contains information most frequently required in 
industry and agriculture. 

Special attention has been paid to the choice of data on 
the latest developments in physics, such as semiconductors, 
ferroelectrics, nuclear physics, etc. 

In addition to graphs and tables the book offers brief 
theoretical expositions, definitions of fundamental concepts 
and formulations of laws accompanied by explanations and 
examples. 

The handbook is intended for wide circles of readers in 
various occupations, and for students with a background of 
secondary school physics. 



EXPLANATORY NOTES 




Most of the tables are arranged in alphabetical order. 
Some, however, are arranged in the order of increasing or 
decreasing values of the tabulated quantity. 

The numerical values of the quantities are given to two 
or three significant figures after the decimal point, which is 
sufficiently precise for most technical calculations. 

The number of figures given after the decimal point 
varies in the tables. This is due to the circumstance that 
some substances can be obtained in the pure form, whereas 
others are complicated mixtures of substances. For example, 
the density of platinum is given to four significant figures: 
21.46, whereas that of brass is given to within three units 
of the second significant figure: 8. 4-8. 7, since the density 
r ‘Ci Kr Ji ( ifo hftsa, J 5 mi t. c . j 1 J he. 

sition of the given specimen. 

If the heading of a column in a table contains a factor, 
such as 10", this denotes that the values of the quantity in 
that column have been increased 10" times; hence, to find 
the true values one must divide the values given in the table 
by this factor. For example, in the heading of the last col- 
umn in Table 18: “Compressibility of liquids at different 
temperatures” (p. 44) the compressibility p has been multi- 
plied by 10* (px 10 6 atm -1 ). Thus, the compressibility of 
acetone, according to this table, is 111 x 10“ e atm -1 . 

The notes to the tables give the conditions for which the 
values of the tabulated quantities are valid (if these con- 
ditions are not indicated in the headin' of the tabic), as 
well as additional lUiOrmaiioii on now to use the tables, etc. 
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EXPLANATORY NOTES 



If the physical significance of the tabulated quantity is 
not quite clear to the reader, he should refer to the relevant 
section: “Fundamental Concepts and Laws”. This can te 
found with the help of the table of contents or the index 
at the end of the book. The appendices contain information 
on the units of measure of physical quantities, formulas for 
approximate calculations, and the values of some universal 
physical constants. 



CHAPTER I 

MECHANICS 



When a body changes its position relative to other bodies 
it is said to be in mechanical motion. A change in the posi- 
tion of a body relative to other bodies is determined by 
a change in the distance between the points of the bodies. 
The unit of distance is the meter (m). 

The -rosier . is defined . jis J J 1 0, .0D/L&V l ~on r^,. of ja. a j t afipj. of „ . 
the earth’s meridian (the arc of the meridian from the pole 
to the equator) at sea level * 

The unit of time is the second whi defined as 

1/86,400 part of a mean solar day. 



A. KINEMATICS 

FUNDAMENTAL CONCEPTS AND LAWS 

Kinematics is the study of the motion of bodies without 
regard to the cause of that motion. 

The simplest moving body is a point mass, defined as a 
body whose dimensions can be neglected in describing its 
motion. For example, the annual motion of the earth about 
the sun can be regarded as the motion of a point mass* 
whereas the daily revolution of the earth about its axis 
cannot. 

Every solid body can be regarded as a system of rigidly 
bound point masses. The path described by a moving body 
is called a trajectory. 



* The standard meter is defined as the distance, at the melting 
point of ice, between two marks on a platinum-iridium bar which is 
kept at the International Bureau of Weights and Measures and which 
was adopted as the prototype of the meter hv the First General Con- 
ference mi Wei, --Ills and M. 

T.ie i uior deli tied by the State 

Standard. 
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According to the form of the trajectory we distinguish 
between rectilinear motion (the trajectory is a straight line) 
and curvilinear motion (the trajectory is a curve). We also 
distinguish between uniform and ncn-uniform motion. 



1. Rectilinear Motion 



Uniform motion is defined as motion in which a body 
traverses equal distances in equal time intervals. Uniform 
motion is characterised by its velocity. The velocity of uni- 
form motion (v) is defined as the distance (s) traversed in 
unit time (t): 

s 



s=vt. (1,1) 

Velocity is a vector quantity. It is characterised by mag- 
nitude and direction in space. The addition (composition) of 
velocities is performed according to the parallelogram law 
(addition of vectors). The units of velocity are: cm/sec, 
m/sec, km/scc, km/hour. 

In non-uniform motion we differentiate between instan- 
taneous and average velocity. 

If a body passes over a distance As in the time interval 
from t 0 to t Q -\-At, then 

As 



is defined as the average velocity for the time interval A t. 
In other words, if the body were moving uniformly with 
velocity u av , it would cover the distance As in the time At. 
The instantaneous velocity at a given moment t Q is defined 
as the limit of the ratio: 



v t = lim 

*0 , . 

— > o 



As 

At 



Motion in which the velocity receives equal increments 
in equal time intervals is called uniformly accelerated. The 
rate of change of the velocity is called the acceleration (a): 




where v t is the velocity at the time t and v 0 is the veloo 
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ity at the initial time / 0 . Acceleration is also a vector 
quantity. The units of acceleration are: cm/sec 2 , m/sec 2 , 
km/sec 2 . 

The velocity at any given moment is determined by the 
formula: 



where v 0 is the initial velocity. 

The acceleration may be positive (accelerated motion) or 
negative (decelerated motion). 

The distance traversed in uniformly accelerated motion 
is given by the formula: 



The terminal velocity in uniformly accelerated motion is 
determined by the initial velocity, the acceleration and the 
distance traversed: 



The motion of freely falling bodies is an example of recti- 
linear motion with constant acceleration. If we denote the 
height from which the body falls (u e = 0) by/ 2 , and the 
acceleration of free fall byg, then 



The circular motion of a point about an axis is defined as 
motion in which the trajectory is a circle whose centre is 
on the axis and whose plane is perpendicular to the axis. 
The rotational motion of a body about an axis is defined as 
motion in which all the points of the body describe circular 
motion about this axis. 

Uniform rotation is motion in which a body turns through 
equal angles in equal time intervals. 

The angular velocity (co) of uniform rotation is defined as 
the angle swept out in unit time: 



where cp, measured in radians, is the angle through which 
the body turns in a time t. The unit of angular velocity is 
the radian per second (rad/sec). The. x angular velocity may 

2 3aK. 46 



v = v 0 -f- at, 



(1,2) 




( 1 , 3 ) 



v z = -f~ 2ms. 



( 1 , 4 ) 




2. Rotational Motion 



Id 
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also be expressed in terms of the number ofVevolutions in 
unit time n , or the period of revolution T : \ 

co = 2 stn 9 " (l, 6a) 



2jt 

T ' 



(1,6b) 



The linear velocity of a point in rotational motion is de- 
fined as the instantaneous velocity of the point. Its direction 
is tangent to the trajectory. The angular velocity co is related 
to the linear velocity v by the formula: 

v = coR, (1,7) 



where R is the distance from the point to the axis of ro- 
tation. 

In the case of non-uniform rotation we distinguish between 
instantaneous and average angular velocities. If the body 
has turned through an angle Arp in a time from t 0 to t Q -f- At, 
then the average angular velocity (co av ) for the time A t is 
defined as 



The limit of this ratio 
ous angular velocity 






by definition. 



lim 

Af o 



Acp 

a7 



the instantane- 



Rotational motion in which the angular velocity receives 
equal increments in equal time intervals is called uniformly 
accelerated. 

The angular acceleration of uniformly accelerated rotation 
O') is defined as the rate of change of the angular velocity: 

co, - co Q 
1 t 

where co, is the angular velocity at the time t, and co 0 is 
the initial angular velocity: 

<*>/ = "4“ (i»8) 

In uniformly accelerated rotation the linear velocity v of 
any point of the body varies both in magnitude and in di- 
rection. The change in magnitude of the linear velocity is 
characterised by the tangential acceleration: 



t 



(1,9) 
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where v t and v Q are the linear velocities at the time t and 
at the initial moment of time. At any given point of the 
trajectory the direction of a r coincides with the direction 
of v. The tangential acceleration a r is related to the angular 
acceleration / by the formula: 

a . = JR. 

However, even when a body is in uniform rotation the 
points of the body are in accelerated motion, for the dir- 
ection of their velocity is continually changing. The accel- 
eration of this motion is directed towards the axis of rotation 
(i.e., perpendicular to the direction of the linear velocity) 
and is called the centripetal acceleration: 

= 0 » 1 Oa) 

or 

a c = (o*J?, (1,10b 

where v is the linear velocity, (o — the angular 
and R — the radial distance of the point from th 
lotation. 

The total acceleration of a point of a body in uniform 
rotation is 

a = Y a*+a*- 

3. Motion of Bodies in the Earth’s Gravitational Field 

Fig. 1 illustrates the trajectories of bodies which are proj- 
ected from point A near the surface of the earth with differ- 
ent velocities*. In all cases the velocity is directed hori- 
zontally. The trajectory is a circle if the velocity of the 
body v at point A is such that the acceleration of free fall 

v 2 

g is equal to the centripetal acceleration -5- (R is the radius 

A 

of the trajectory, which can be taken equal to the radius of 
the earth). Hence 

o = V Rg ^ 7.93 km/sec. 

If the velocity of the body at point A is greater than 
7.93 km/sec but less than 11.2 km/sec, then the trajectory 
is an ellipse: the focus of the ellipse nearer to the point of 
departure (point A) lies at the centre oLMie earth. (1 his ellipse 



* The resistance of the air is neglected. 

2 * 
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is depicted by a solid line in 
Fig. 1.) If the velocity of the 
body equals 11.2 km/sec, .then 
the trajectory is a parabola. If 
the initial velocity is greater 
than 11.2 km/iec, then the tra- 
jectory becom^ a hyperbola. In 
the last two r.ases the body 
leaves the earth and goes offinto 
interplanetary space. The least 
velocity required for a body to 
leave the earth is sometimes 
called the escape velocity. The 
path of a body moving with 
velocity less than 7.93 km/sec 
represents an arc of an ellipse (dotted line in Fig. 1) whose 
distant focus coincides with the centre of the earth. 

If the velocity is much less 
than 7.93 km/sec the path may 
be regarded as parabolic, and 
the acceleration of free fall 
may be considered constant 
in magnitude and direction. 

If a body is projected from 
the surface of the earth at an 
angle a with the horizontal, 
with an initial velocity v t) 
much less than v — 7.93 
km/sec, then in this case, 
too, the acceleration of free 
fall may be considered cons- 
tant in magnitude and direc- 
tion, while the surface of the 
earth may be regarded as flat. 

The trajectory will then be a 
parabola (Fig. 2). The range 
(S) and the maximum height (H) are calculated by the 
formulas: 




Fig. 2. Trajectories of bodies 
projected from the surface of the 
earth wi th veloci ty v 0 = 550 m/sec. 
Curve I — angle of projection 
a = 20°, curve II — angle of pro- 
jection a = 70°, curve III— angle 
of projection « = 20°, with air re- 
sistance taken into account. 




Fig. 1. Trajectories of bodies 
in the earth’s gravitational 
field. 



s = 



Vo sill 2a 



H=- 



2g 



(M2) 



where v 0 is the initial velocity of the body. 

The range will be the same for two values of the angle 
of projection: a A and a 2 , where a 2 = 90® — 



TABLES 



2 ! 



The maximum range corresponds to the angle a — 45° 

If the resistance of the air is taken into account the range 
and the height of the trajectory are less. For example, in 
the absence of air resistance a body thrown at an angle 
a = 20° with an initial velocity v Q = 550 m/sec would have 
a range of 19.8 km, whereas a projectile fired at the same 
angle and with the same initial velocity would have a range 
of only 8.1 km. 
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Table 1 



Velocity of Motion of Different Bodies 



Elevator in house 


rt/scc 


Subway train 


75 km /hour 


Electric locomotive VL-23 


90-100 ” 


Automobile ZI L- 1 1 0 


140 


Passenger train diesel locomotive TE-7 


140 


Torpedo boat .... 


150 


Passenger plane IL-14 . . 


415 


Racing car (1947 world record) 


" 034.2 " 


Passenger jet plane TU-104 . . 


up to 1,000 


Jet fighter plane 


’ 2,000 ” 


Jet plane “Nord 1,500 Griffon 02” (1959 




world record) ... 


2,330 


Bullet at exit from gun muzzle 


800 


Motion of electron beam over screen of tele- 




vision set KVN-49 


" ,500 


Orbital velocity of arti iciai earth satellite 


about 8,000 


Cosmic rocket . • 


more than 1 1 , 000 


Velocity of earth on its orbit 


” ” 30,000 


Electrons in cathode-ray tube 


" • io- 


Electrons in betatron 


up to 3 X 10* 



Table 2 

Acceleration of Different Bodies 
(Approximate Values) 



Accelerated motion 


Accele- 

ration, 

m/sec 2 


Dec Hed motion 


Decelera- 

tion, 

m/sec 2 


Subway trai n 




Emergency braking 

of automobile • 


4-6 


Racing car . . . 
Elevator in house 
Passenger trai n 


4.5 

0.9- 1 -G 
0.35 


Landing jet plane . . 
Parachute opening 

when rate of fall is 


5-8 


Tramcar 

Shell in gun barrel 


0.6 

500,000 


60 m/sec 


about 60 
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Table 3 



Escape Velocities in the Solar System 



Mean radius of the earth £.370 km. Mass of the earth 
5.96\10 27 g 



Bo 


Radius 
(Earth =1) 


Mass 

(Earth= 1) 


Escape veloc- 
ity, km/sec 


Sun 


100. 1 


322. 100 


623 


Mercury 


0.30 


0 04 4 


3.8 


Venus 


0.07 


0 82 


10.4 


Earth 


1 .00 


1 00 


11.2 


Moon 


0.27 


0.0123 


2.4 


Mars 


0.33 


0. 108 


5. 1 


Jupi ter 


10.95 


317 1 


60. 1 


Saturn 


9.02 


94.9 


36. G 


Uranus 


4.00 


1 4 . 65 


21.6 


Neptune 


3.92 


17 16 


23.9 



B. DYNAMICS 

FUNDAMENTAL CONCEPTS AND LAWS 

Dynamics deals with the laws of motion of bodies and 
with the factors which cause or change this motion. Any 
change in the motion or shape of a body is a result of the 
interaction of at least two bodies. 

The physical quantity characterising the interaction of 
bodies is called a force ; it determines the change of motion, 
or the change of shape, of a body, or both. 

Force is a vector quantity. The addition of two forces 
simultaneously acting on a body is performed according to 
the parallelogram (addition of vectors). 

1. Laws of Dynamics 

Newton’s First Law of Motion. Every body continues in 
a state of rest, or uniform motion in a straight line, unless 
it is compelled to change that state by the application cf 
some external force. 

That property of matter by virtue of which a body tends 
to retain the magnitude and direction of its velocity unchanged 
is called inertia. The change in the motion of a body 
depends, in addition to the external force, on the quantity 
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of matter in the body. The greater the quantity of matter 
in the body, the stronger is the tendency of the body to 
preserve a constant velocity, the greater is the inertia of 
the body. Thus, the quantity of matter in a body determines 
the physical property of inertia. The measure of inertia is 
the mass of the body. 

Newton’s Second Law of Motion The force acting on a body 
is equal to the product of the mass of the body and the 
acceleration produced by this force, and coincides in direction 
with the acceleration. Thus, Newton’s second law of motion 
gives the relation between the applied force ( F ). the mass 
of the body (m) and the resulting acceleration (a): 

F = tna. (1,13) 

The motion of a body may be characterised by another 
quantity, called the momentum , K = tnv. If the applied 
force is constant, then 



F _ mv t — mv 0 
t 

or 

Ft = mv t — mv 0 . (1,14) 

The quantity Ft is called the impulse. 

The change in momentum is equal to the impulse of the 
force and takes place in the direction of action of the force. 

Newton’s Third Law of Motion. When one body exerts 
a force on another, the second body exerts a force equal in 
magnitude and opposite in direction on the first body 

or 

m 1 a 1 = — m 2 a 2 , (1,15) 

where F, is the force acting on the first body, F 2 — the force 

acting on the second ,;ody, m l and ni z — the masses of the 

first and second bodies' respectively. 

A system of bodies which interact only with other bodies 
of the same system is called closed. In a closed system 
the momentum remains constant. For example, in a system 
consisting of two bodies the following relation is satisfied: 

m x u x -\-m 2 u z = m l v l -^m 2 v. 2t (1,16) 

where v x and v 2 are the velocities of the first and second 
bodies before interaction, and u x and — the respective 
velocities after interaction. 
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The mass per unit volume of a substance is called density 
(c). The concept of specific gravity is frequently used. Spe- 
cific gravity ( d ) is the ratio of the density of a substance 
to the density of water: 




(1.17) 

(1.18) 



where m is the mass of the body, P — its weight, V — its 
volume. 



2. Work, Power and Energy 

Work (A) in physics is defined as the product' of the force 
and the distance through which it acts. If the force does not 
coincide in direction with the distance, then the work equals: 

A = FS cos a, (1,19) 

where a is the angle between the force and the distance 
through which the body moves. 

Power (N) is defined as the work performed in unit time: 

'V = J-, (1,20a) 

A’ — Fv. (1,20b) 

When work is performed in a system of bodies the 

state of the system changes. The state of the system is 
characterised by its energy. When the state of the system 
changes work is being performed. If we denote by E l and 
£ 2 the initial and final energies of the system, then 

E x -E t =A. (1,21) 

There are two forms of mechanical energy: kinetic 

energy (£ k ), or the energy of motion , which depends on the 
relative velocity of the bodies, and potential energy (£ p ) or 
the energy of position , which depends on the relative posi- 
tion of the bodies. 

The kinetic energy of a body equals: 




where m is the inass of the body, and v — its velocity. 
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The potential energy in the field of gravitation of the 
earth is defined as 

m v m 

£ P = m 

where y is the gravitational constant (p. 27), m r<: is the mass 
of the earth, m — the mass of the body, and R — the dis- 
tance from the centre of the earth to the centre of gravity 
of the body. 

The minus sign in formula (1,23) denotes that when 
the body is removed to an infinitely great distance (when i<t 
is out of the field of gravitation), its potential energy is 
taken to zero; hence the energy of bodies situated at 
a finite distance is negative. 

When a body is raised to a small height above the sur- 
face of the earth the gravitational field of the earth may be 
regarded as homogeneous (the acceleration of free fall is 
constant in magnitude and direction). In a homogeneous 
field the potential energy of a body equals 

E v = mgh, (1 23a) 

where m is the mass of the body, g — the acceleration of 
free fall, h — the height of the body measured from some 
arbitrary level, at which the value of the potential energy 
is taken equal to zero. The surface of the earth can serve, 
for example, as sich an arbitrary level. 



3. Dynamics of Rotation 

Newton’s second lam for rotational motion takes the 
form: 

M=Jj. (1,24) 

Here the moment of inertia ( J ) analogous to the 

mass, the torque (M) — to the force, and the angular 
acceleration (j) — to the linear acceleration. 

The torque or moment of force is defined as the product 
of the force and the perpendicular distance between the line 
of action of the force and the axis of rotation. 

If two torques are applied to a body, producing rota- 
tion in opposite directions, then one of the torques is arbi- 
trarily considered positive, and the other negative. 
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The moment of inertia (or rotary inertia) of a point 
mass about an axis is equal to the product of the mass and 
the square of its distance from the axis: 

J =mR\ (1,25) 

The moment of inertia of a body is the sum of the 
moments of inertia of the point masses of which the body 
is composed. The moment of inertia of a body can be 
expressed in terms of its mass and dimensions. 

The moment of inertia of a body about an axis can be 
determined if we know the moment of inertia of the body 
about a parallel axis passing through the centre of gravity 
of the body (see p. 34), the mass of the body m and the 
distance between the two axes S: 

J=J c .g . + mS 2 . (1 ,26) 

In uniform rotational motion the sum of all the torques is 
equal to zero. 

The uniform motion of a point in a circular path 
(uniform circular motion) is characterised by centripetal 
acceleration (which causes the velocity to change in direction' 
and can take place only if a force acts to produce this 
acceleration. This force is applied to the point which is 
describing circular motion and is called the centripetal force: 




F c — mu> 2 R. (1,27b) 

The centripetal force is directed along the radius toward* 
the axis of rotation and its torque is equal to zero (the 
perpendicular distance between the force and the axis i$ 
zero). 

The work done when a constant torque acts through an 
angle (p in rotational motion equals 

A=M( p. (1,28) 

The power developed equals 

N=M<d. 

The kinetic energy of a rotating body equals 
^ J(0 2 



(1,29) 
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4. Friction 



When two solid bodies in contact are in motion relative 
to each other, a force arises which hinders this motion. 
This force is called friction . It is caused by the irregularities 
of the surfaces in contact, as well as by molecular forces of 
interaction. When there is no layer of liquid between the 
surfaces we speak of dry friction. 

According to the character of the motion giving rise 
to dry friction we distinguish sliding friction (one body 
slides over the surface of the other) and rolling friction 
(one body rolls on the surface of the other). 

The magnitude of sliding friction F [z depends on the na- 
ture and quality of finish of the surfaces in contact and on the 
force pressing the surfaces together (the perpendicular force F^). 



where k is the coefficient of friction ; k depends on the nature 
and quality of finish of the surfaces in contact, and to a 
slight degree on the velocity of motion (the dependence on 
the velocity is usually neglected). Rolling friction is less 
than sliding friction Rolling friction depends on the radius R 
of the rolling bod^, on the force pressing the surface* 
together and on the quality of the surfaces: 



where k f is a quantity characterising the surfaces in contact; 
k' has the dimensions of a length. The following are two 
examples of the value of k! in cm: 



The force of attraction F between two point masses m , 
and m z equals: 



where R is the distance between the masses, and y is the 
constant of gravitation , equal to 6.67x 10 -8 cm 3 /g sec 2 (in the 
CGS system of units*). The constant of gravitation is a 

* See p. 204 for the CGS system 




(1,31) 




S_ 



> 



(1,32) 



A wheel with a steel rim on a steel track 
A cast iron wheel on a steel track 



0.05 

. 0.12 



5. Law of Universal Gravitation 




(1,33) 
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quantity equal to the force of attraction between two point 
masses of unit mass separated by unit distance. In the case 
of homogeneous spheres of masses tn x and m 2 the force of 
attraction is given by the same formula, except that R now 
denotes the distance between the centres of the spheres. 

The weight P of a body of mass m on the surface of 
the earth is determined mainly by the force of attraction 
between the body and the earth: 

m r m 

n ~ 



where m E is the mass of the earth, and R E is the radius of 
the earth. 

In accordance with the law of gravitation, the acceleration 
of gravity (the intensity of the gravitational field) at a height 
H above the surface of the earth is given by the formula: 



m , 



or ^WE + tf)" 

Rz 

8 8 °(R E + tf) 2 ’ 

where g 0 is the acceleration on the earth’s surface. 
In the firs approximation for H<^R E 



*(■-•&) 



(1.34a) 



(1,34b)- 



At the centre of the earth the intensity of the gravita- 




Fig. 3. Acceleration of gravity (in- 
tensity of gravitational field) versus 
distance from centre of earth. (The 
earth is regarded as a homogeneous 
sphere.) 



tional lield is equal to ze- 
ro. If the earth is regarded 
as a homogeneous sphere 
then g increases with in- 
creasing distance from the 
centre of the earth. Outside 
the earth g decreases with 
increasing distance from 
the centre of the earth; the 
dependence of the accel- 
eration g on the distance 
R from the centre of the 
earth is depicted in the 
form of a graph in Fig. 3. 
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Table 4 

Density of Some Solids (at 20°C) 



Substance 



Metals and alloys 

Alumini 
Brass 
Bronze . 

Cast iron 
Chromi um 
Cobalt . . 
Constantan 
Copper . 
Duralumin 
Germanium 
Gold 
Iron 
Lead . 

Magnesium 
Manganin 
Molybdenum 
Neptunium 
Nickel . 

Nickeline 

Platinum 

Silicon 

Si lver 

Sodium 

Steel 

Tin . . 

Tungsten 
Uranium . . . 
White babbitt 
Zink . 

Wood 
(air dry) 

Ash, mahogany . 

Bamboo 

Cedar . 

Ebony ... 
Lignum vitae 
OaK, beech 
Pine 
Walnut 



Density, 

g/cm 3 




Dcnsi ty, 
g'CITp 




Minerals 




2.7 


Anthracite (dry) 


1 .2-1 .5 


8. 4-8.7 


Asbestos 


0. 1-0.5 


8.7-8 .9 


Chalk (air dry) 


2 


7 


Diamond 


.5*1 


7. IS. 


Emery 


4 


8.8 


Grani te 


.5-3 


8.88 


Marble 


"-2.8 


8.93 


Quartz 


2 . 6 5 


2.79 
5 .'3 
19.31 
7.88 
11.35 


Plastics and 




laminated plastics 




Cellon . . 


1 .3 


Fluoplastic . . 


2. 1-2.3 


1 *76 


Laminated amin - 




8.5 

10.2 


plasts 




Phenolic plastic. 




19.5 


impregnated 


.4 


8.9 


Plexiglas . 




8.77 


Polyacrylate (orga- 




21 .46 


nic glass) 




2 . 3 


Polystyrene . . 




10.5 


Polyvinyl plastic 




0 . 975 


Teflon 




7 7-7.9 


Textoli le 


.4 


7.29 


Vinyl plastic 


.40 


19.34 


Di f feren t m a t c rials 




19.1 


Amber 


1 1 


7 . 1 


Bakelite varnish 


1 .4 


7.15 


Beeswax, white 


0.95-0.95 




Bone 


1.8-2 0 




Glass, comm n 


2 " 


0.6-0. 6 
0 . 4 


Glass, for mirrors. 


2. 


Glass, for thermo- 




0.5-0 .6 


meters 


. 59 


1 . 1 - 1 . 3 


Glass, pyrex 


.59 


1 ,1-1 .4 


Glass, quartz 


2.21 


0 ! 7-0 .9 


Ice (at 0°C) 


.917 


0 .4-0 .5 


Mica 


.6-3.2 


0.6-0 .7 


Porcelais « 

Pub her, 
hard 

i 
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Table 5 

Density of Liquids (at 20°C) 



Liquid 


Den si ty, 


Li qui d 


Densi ty f 


g/cm 3 


g/cm 3 


Acetic acid 


1 .049 


Heptane 


0.684 


Acetone 


0.791 


Hexane 


0.660 


Ani line 


1 .02 


Machine oil 


0.9 


Benzene 


0.879 


Mercury . . 


13.55 


Benzi ne 


0 G8-0.72 


Methyl alcohol 


0.792 


Bromine 


3.12 


Mi lk of average 




Bromobenzcrie 


1 .495 


fat content 


1 .03 


Chloroform 


1 .489 


Nitric acid 


1 .51 


Crude oil . 


0.76-0.85 


Ni trobenzene 


1 .2 


Diiodometliane 


3.325 


Nitroglyceri ne 


1.6 


Ethyl alcohol 


0.79 


Sea water 


1.01 1.03 


Formic aci d 


1 .22 


Toluene 


0.866 


Glycerine 


1 .26 


Tribromomethane.. 


2.890 


Heavy water (11*0) 


1 1086 


Vaseline oil 
Water 


0.8 

0.99823 



Table 6 

Density of Some Metals in the Liquid State 



Substance 


Temperature, 

°C 


Density, 

gem 3 




660 


2.380 


Aluminium 


900 


2.315 




1,100 


2.261 




300 


10.03 


Bism uth 


600 


9.66 




962 


9.20 




1 , 100 


17.24 


Gold 


I , 200 


17.12 




1.300 


17.00 




400 


10.51 


Lead 


600 


10.27 




1 1,000 


9.81 




960 .5 


9.30 


Si lver 


1,092 


9.20 




1 , 300 


9.00 




100 


0. 928 


Sodium 


400 


0.854 




700 


0.780 




409 


6.834 


Tin 


574 


6 729 




704 


6.640 
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Table 7 

Density of Water at Various Temperatures (g/cm 1 ) 



u °c 


Density 


t, °C 


Density 


t, °C 


Densi ty 


— 10 


0.99815 


7 


0.99993 


25 


0.99707 


-9 


0.99843 


8 


0 99988 


26 


0 99681 


—8 


0.-99869 


1 0 


0.99973 


27 


0 99652 


—7 


0.99892 


1 1 


0.99963 


28 


0.99622 


—6 


0.99912 


12 


0.99952 


29 


0.99592 


—5 


0.99930 


13 


0.99940 


30 


0.99561 




0.99945 


1 4 


0.99927 


31 


0.99521 


— 3 


0.99958 


15 


0.99913 


32 


0.99479 


— 2 


0.99970 


16 


0.99897 


33 


0.99436 


— 1 


0.99979 


17 


0.99880 


34 


0.99394 


0 


0.99987 


1 8 


0 99862 


35 


0.99350 


1 


0.99993 


19 


0.99843 


40 


0 991 1 8 


2 


0.99997 


20 


0.99823 


50 


0 98804 


3 


0.99999 


21 


0 99802 


60 


0 98318 


4 


1 00000 


22 


0.99780 


70 


0.97771 


5 


0.99999 


23 


0 99757 


80 


0.97269 


6 


0.99997 


24 


0.99732 


90 


0.96534 



Note. The maximum density of water corresponds to the 
temperature 3.98°C. 



Table 8 

Density of Mercury at Pressure /?= 1 kg/cm 2 and at 
Various Temperatures 



u °c 


g/cm 3 


/, °C 


£/ 


ty 0 C 


g/cm 3 


ty 0 C 


g/cm 3 


0 


13.5951 


25 


13.5335 


50 


13. 4723 


75 


.4116 


5 


13.5827 


30 


13 5212 


55 


13. 4601 


80 


.3995 


10 


13.5704 


35 


13.5090 


60 


13.4480 


90 


37 53 


15 


13.5580 


40 


13.4967 


65 


13. 4358 


1 00 


33! 4 


20 


13.5457 


45 


13. 4845 


70 


13. 4237 


300 


875 
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Table 9 

Density of Various Gases and Vapours at 0°C and 760 mm Hg 



Substance 


Density, 

g/cm® 


Substance 


Density, 

g'em 3 


Acetylene 


0.001173 


Ethyl ether (satu- 




Air . . 


0. 001293 


rated) 


0.00083 


Ammonia 


0.000771 


Helium 


0.0001785 


Argon 


0.001783 


Hydrogen 


0 . 00008988 


Benzene 




Krypton 


0.00374 


ed) ... 


0.000012 


Neon 


0.000900 


Carbon dioxi e 


0.001977 


Nitrogen 


0.001251 


Carbon moil xide 


0.00125 


Oxygen 


0.001429 


Chlorine . 


0.00322 


Ozone 


0.002139 


Ethyl a lcoh 
tu rated) 


0.000033 


Water vapour (si 
turated) 


0.000484 



Table 10 

Average Density of Various Substances 



Substance j 


| Density, kg m’ 


Asbestos felt . 


600 


Asbestos paper 


850-900 


Asphalt 


2,120 


Beets . . . 


650 


Broadcloth 


250 


Clay, 15-20% moisture content by weight. 


,600-2,000 


Concrete mixed with crushed rock, 8% moisture 




content by weight 


2,000 


Concrete dry 


1 ,600 


Corn (grain) . 


750 


Cotton wool, air dry 


80 


Foam concrete 


300-1 ,200 


Gravel, air dry 


1 ,840. 


Hay, fresh -mown 


50 


Hay, compressed ... 


100 


Lime plaster, 0-8% by 




weight .... 


1,100 


Masonry, red brick 


1 ,600-1 ,700 


" , silicate brick . 


1 ,700-1 ,900 


Mipor (microporous rubber 


not more than 20 


Peas 


700 


Potatoes 


670 


Pressboard (made of reeds) 


260-360 


Reinforced concrete, b a / m >y 




weight 


2,200 


Sand . . 


1 ,200-1 ,600 


Sandstone 


2,600 


Silk 


100 


Slag, blast-furnace 


600-800 


,, furnace 


900-1 ,300 


Slag concrete, weigh! 


1 ,500 


Snow, fresh-fal 


80 190 


Woollen cloth 


2 10 


Woollen felt 


300 
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Table 11 

Moments of !nei\»a of Various Homogeneous Bodies 





Axi 


Moment of 
inertia J 


Thin bar of length L 


Perpendicular to bar and 
passing ti. rough its cen- 
tre 


ml 2 

IT 


Circular disk or cylinder 
of radius r 

1 


Perpendicular to plane of 
disk and passing 
through its centre 


mr 2 

T 


Sphere of radi 


Dk 


0.4 mr- 


Thin cylindrical tube 


Axis of tube 


mr- 


ring of radius r 






Circular cylir.dcr of le gth 


Perpendicular to axis of 


r- \ 


l and radius r 


cylinder and passing 


m (~ + T ) 




through its centre 


V12 47 


Rectangular parallelepi- 


through 


b- - -c 2 


ped of dimensions 2a. 


arallel to 


m — — 


2 b, 2n 




6 



Note. The table gives the moments of inertia of bodies about axes 
which pass through their centres oi gravity. The moment of inertia 
about an arbitrary ax: cart l.e it uiu! according to formula (1.26). 

For example, tb lorncnl of inertia of a thin bar about an axis per- 
pendicular to the bar and passing throu h one of its ends is: 



'Or) 



3. 3an. 46 
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Table 12 

Coefficients of Sliding Friction for Various Materials 



Surf 




Bronze or bronze 


0.2 


" steel 


0.18 


Cast iron on bronze 


0.21 


0 " on cast iron 


0. 1 G 


Copper on cast iron 


0.27 


Dry wood on wood 


0.25-0 .5 


Fluoplastic-4 on fluorlastic 


0.052-0.086 


Fluoplastic on stainless stool 


0.004-0.080 


Greased leather belt on metal 


0.23 


Hempen rope, wet, on oak 


0.33 


" " dry, on oak 


0.53 


Ice on i ce 


0.028 


Iron-bound runners on snow an 


0.02 


Leather belt, moist, on metal 


0.36 


" " on oak 


.27-0.38 


dry, on met a 


i 0 .56 


Metal, moist, on oak 


0.24-0.20 


” dry, on oak 


0.5-0 .6 


Oak on oak, along grai 


0.48 


’ " along grain of one surface and across 

grain of other 


0.34 


Rubber (tires) on hard soil 


0 .4-0.6 


" ' on cast iron 


0.83 


Sliding bearing, greased 


0.02-0.08 


Steel (or cast i ron) on ferrodo 


0.25-0.45 


Steel on iron 


0.19 


" ° ice (skates) 


0.02-0.03 


steel* 


0.18 


cast iron* 


0.16 


Steel-rimmed wheel on steel track 


0. 16 


Wooden runners on snow and ice 


0.035 



Note. The asterisk denotes materials used in braking and frictional 
devices. 
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Table 13 

Intensity of Earth's Gravitational Field (Acceleration of Free 
Fall) for Different Latitudes at Sea Level 



Latitude 


Accelerati j! 


f 


cm .5Cc j| 

ll 













Table 14 

Intensity of Gravitational Field (Acceleration of Free Fall) 
near the Surface of the Sun and Planets 



Body 


Accelerati 
cm. see- 




Accelerati 
cm sec- 


Sun 


27,400 


Ju ilcr 


2.050 


Mercury 


302 


Saturn 


1 . 1 70 


Venus 


882 


Ura mis 


980 


Earth 


980 


Neptune 


980 


Mars 


392 


Moon 


107 



C. STATICS OF SOLID BODIES 
FUNDAMENTAL CONCEPTS AND LAWS 

Statics deals with the conditions of equilibrium of a body 
or system of bodies. If a number of forces are acting on a 
body at rest (in equilibrium), such that the directions of 
the forces intersect in a single point, then the body will re- 
main at rest (in equilibrium) when the vector sum of these 
forces is zero. The forces may be displaced along their line 
of action. 

Centre of gravity of a solid body or system of bodies. 
Every particle of a body is subjected to the puli of gravity, 

3 * 
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.ant (sum) of all 1 lie force- gravity acting on 
iriicks of 1 lie ho i- c:*. lie;! the z weight of the body. 

'1 lie centre oj graviti/ is called th point about which the 
sum of the moments of the forces of gravity acting on all 
the particle-, of the b'dy i \qual b zero. The weight of the 
body may be conquered concentrated at its centre of gravity. 

Tyx*s of equilibrium. When body returns to its original 
position after being 'ghtly displaced, the equilibrium is 
said to be stable. 

When a body tends a. far as possible from 

original position when displaced, the equi ibrium 

called unstable. 

A body in neutral equilibrium, if, when slightly dis- 
placed, it tends neither to return to its original position nor 
to move further away from it, in other words, when the new 
position is also a position of equilibrium. 

Conditions of equilibrium of a body on an inclined plane. 
For a body of weight P to be in equilibrium on an inclined 
plane which makes an angle u with the horizontal it must 

be subjected to a force F 
equal to F x : 

F X =P sin a; 

the force F must be di- 
rected upward along the 
inclined plane (Fig. 4). 
The body itself presses 
down on the inclined plane 
with a force 




Fi 



incli ned 



F 2 = P COS a, 



an equal force, 
will remain at re 
less than the for 



while the inclined plane 
reacts on the body with 
freely on an inclined plane 
l he force pulling it down is 
This condition is satisfied if 



an a > k, 



where k is the coefficient of sliding friction. 

The lever. A lever is in equilibrium if the sum of the 
moments of all the forces applied to it equals zero (Figs. 5, a 
and b, b ). 

F Y a - /y;= 0, 

where a and b are the lever arms of the applied forces. 
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The condi lion ii at t lie 
forces equal zero a bo appli 
lass (Fig. 6). 



moments of 
equilibrium of 



a) 






(!) 



r-'isr. r, i.vwrs. 



a) Fulcrum between forces nctinp; o;i lever, 
end of lever. 






Pulleys. The fixed pulley (F*’g. 7) -erves only to change 
the direction of the applied force. The movable pulley JFig. fc>) 




(FxR^Pxn. 

gives us a gain in force, 
or in uniform rotation the 
the sum of all the mcwiieiit- 




pulley is at rest 
applied forces and 
zero. 
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Hence it follows that 



P=-2F t 




Pulley blocks. A pulley block (Fig. 9) is a combination 
o. fixed and movable pulleys. If the block contains n mov- 




the force F required to 
2/z 

The screw. In the absence of friction the force P acting 
along the axis of the screw is balanced by a force F applied 
to the circumference of the screw cap and equal to 



able and n fixed pulley, 
counteract the force P equa 



F 




where R is the radius of the screw cap and h — the pitch 
of the screw (Fig. 10). 
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Table 15 



Centres of Gravity of Various Homogeneous Bodies 
(see Fig. 11) 



Body 



Position of centre of gravity 



Thin bar 

Cylinder or prism 



Sphere 
Flat thi 
ment 

Pyramid or con 



Thin solid triangular 
plate 



At the centre of the bar 

In the middle of the straight line connecting 
the centres of the bases of the cylinder or 
pri sm 

At the centre of the sphere 

On the axis of symmetry at ight 

above the base 

On tin* straight line mnecting the centre 
of the base and ihe apex at 1 the dis- 
tance. from the base 

On the axis of symmetry at e radi 

from the centre of the sphere 
t the point oi intersection of 






Fig. 11. Pot 



.es of regular 
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D. ELEMENTS OF THE THEORY OF ELASTICITY 

FUNDAMENTAL CONCEPTS AND LAWS 

Under the action of external forces a solid body under- 
goes a change in shape, or is deformed. If, when the forces 
are removed, the body resumes its original shape, the defor- 
mation is said to be elastic. 

When a body undergoes elastic deformation internal elas- 
tic forces (restoring forces) arise which tend to re:* tore the 
body to its original shape. The magnitude of these forces is 
proportional to the deformation. 

Deformation by tension and by compression. The increase: 
in length (A/) of a body produced by an external force (F) 
is proportional to the magnitude of the force and to the 
original length (/), and is inversely proportional to the 
cross-sectional area (5): 



where -g- is a coefficient of proportionality. Formula (1,35a) 

is the mathematical expression of Hooke's law. 

The quantity E is culled Young's modulus , and character- 



is called the stress. 

The deformation of rods of arbitrary length and cross-sec- 




(1,35a) 




tional area is described by a 
quantity called the longitude 



IT 



nal strain t=— . 




For bodies of arbitrary 
shape Hooke’s law is: 



p—Ee. (1,35b) 



Young’s modulus is numeri- 
cally equal to the stress requ- 
ired to double the length of 
a body. Actually, however, 



Fig. 12. Stress versus longitudi- 
nal strain. Curve /— plastic ma- 
terial. curve //— brittle material. 
At point O fracture occurs. 






T rupture occurs at considerab- 

ly smaller stresses. Fb 12 
h- represents in graph tor the 

3 ; j' experimentally determined re- 

lation betw een p and o, where 
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p u « t is the ultimate stress or breaking stress — the stress un- 
der which a constriction arises on th rod, p v is the yield 
point — the stress under which the material begins to How 
(the deformation increases without any increase in the ap- 
plied force), p C f is the elastic limit y i.e., the stress below 
which Hooke’s law is valid. 

Materials are classified as brittle and plastic. Brittle ma- 
terials are destroyed when very small strains are produced 
in them. Brittle materials can usually withstand greater 
compression than tension. 

Tensile strain is accompani a decrease in the diam- 
eter of the specimen. If A d 'bar w the diameter, 



then 



Ad 

~d 



ailed 



nsverse con- 



traction per unit dimension). B.., at 

g 1 £ 

The absolute value of u= — 's ratio. 

8 I 

Shear. Shear »s called a deformation in which all the lay- 
ers of a body parallel to a given plane are displaced rela- 
tive to one another. In deformation by shear the 
volume of the body re- 
mains unchanged. The line 
segment AA X (Fig. 13) 
equal to the displacement 
of one plane relative to 
another, is called the ab- 
solute shear. 

For small angles of 
shear the angle a^tan ct~ 

characterises 




he 



relative deformation and is called the shearing strain . 

Hooke’s law for deformatio! by shear can "be written in 
the form: 

p=--6a, (1,36) 

where the coefficient G is called the shear modulus. 

Compressibility of matter When a body subjected to 
pressure in all directions its volume decree. by A V as a 
result elastic forces arise which tend to restore the body to 
its original volume. The compressibility (|*i) defined as (he 

relative change in the volume of a body produced by 



ned t licit t lie 
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unit change in the stress (P) acting perpendicular to its surface. 

The reciprocal of the compressibility is called the modulus 
of volume elasticity or bulk modulus (/(). 

The change in the volume of a body AV produced by an 
increase in pressure A P can be computed by the formula: 
AV--VPA P, (1,37) 

where V is the original volume. 

The potential energy of elastic deformation is given by the 



formula: 




(1,38) 



where F 



and A l — the deformation. 
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Table IS 



Breaking Stress of Various Materials (kg mm 2 ) 





Breaking stress 




tension 


i n compression 


Aminoplasts, laminated 


8 


20 


Bakelite 


2-3 


8-10 


Brass, bronze 


22-50 


— 


Brick . . 


— 


0.74-3 


Cast iron, white . 




up to 175 


” ” gray, fine-grained 




up to 140 


* " gray, ordinary 




GO-100 


Ccllon 




16 


Celluloid 




— 


Concrete . . . 




0.5-3. 5 


Foam plastic in slabs 




— 


Getinax (laminated insula 




15-18 


Granite 




12-26 


Icc (0°C) 

Oak (15®/ ss 

grain . 

Oak (15% along 




0. 1-0.2 


grain ... 


9.5 


5 


Phenolic plastic, impregnated 
Pine (15% moisture content) across 


8-10 


10-26 


grain . . 

Pine (15% ng 




0." 


grain . . • 


8 


4 


Polyacrylate (organic glass 


5 


7 


Polystyrene 


4 


10 


Steel, structural 


38-4 2 


— 


” si li con-chromi um-manganes 


155 


— 


" carbon . 


32-80 


— 


Steel for tracks 


70-80 


— 


Teflon . . . 


2 


— 


Textolite UTK 


10 


15-25 


Vinyl plastic 


4 


8 
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Table 17 

Moduli of Elasticity and Poisson’s Ratios 



Malcri al 


Young’s 
mod u Ins, 
kg mm - 


Shear 
modulus, 
kg mm- 


Poisson’s 
ra t i o 


Alumini urn 
casti ng 

Alumi ium, rolled 




2 , 


.36 


Alnmini urn 
drawn 
Rakeli te 

Brass, rolled. for 
bui ldi ng 






36 


cold -dr awn 




3 , ; 


- 0.42 


Cast iron, wrought 
Cast iron, while, gray 


- 10,000 




0.2 


Celluloid 

Constant; 

Copper, -asthig 
Copper, cold -drawn 
Copper, rolled 


-1 93 
, 000 
,400 
, 000 
, 000 




0 . 


Duralumin, rolled 
Getinax (laminated 

i nswlation) 

GI.ks 
G rani tc 
Ice 
Invar 
Lead 

Li mestone 
Manganin 
Marble 

Phosphor br '.rolled 


1 00 

0,000 
1 1 ,500 


1 


0 . 32 - 0 . 


Plexiglas 


535 




0.35 


PvUJdm!'. 


o.a 




( 0 . 4 . 7 . 


Steel, alloyed 


21 , 000 




0 . 25 - 0.30 


” carbon 


20 , 000 - 21,000 




0 . 24 - 0.28 


Steel casting 
Textolite 
Vinyl plas 
Wood 


17,500 
000 - 1 , 000 
300 
4 00 - 1 , 8 






Zinc, rolled . . 


8 . 100 


3.200 


0.27 




Table 18 

Compressibility of Some Liquids at Different Temperatures 



Substance 


Ter 


Pressure 
range, atm 


Compressi- 

bility. 

3 X 1 0 ,; a t m ~ 1 


Acetic aci cl 


2 r 


92 . 5 


81 . 4 




14.2 


9-30 


1 1 1 




0 


100-500 


82 


Acetone 


0 


500-1 . 000 


59 




() 


1 , 000-1 . 500 


47 




0 


1 , 500-2.000 


40 




10 


8-37 


90 


Benzene 


20 


99-290 


78.7 




20 


290-494 


67.5 


Castor oil 


14.8 | 


1-10 


47.2 




20 


1 -50 


1 12 




20 


50-10 


102 


Ethyl alcohol 


20 

20 


100-200 

200-300 


95 
8 6 




20 


300-400 


80 




100 


900-1 , 000 


73 


Glyceri nc 


14.8 


1 -10 


22.1 




1 


1-15 


67.91 




1 0. 


1-15 


76.77 


Kerosene 


35 . 


1-15 


82.83 


S > 


i-i r 


92.21 




72 1 


1 15 


! 00. 1 6 




04 


1-15 


108.8 


Mercury 


| 20 


| 110 


3.91 


Ni trobcnzenc 


| 25 


192 


43.0 


Oli 


20.5 


1-10 


63.3 


14.8 


1 10 


56. 3 


Paraffin (melting 
point, 35° C) 


04 
1 00 


20-100 
20-4 00 


83 

24 


1 85 


20-400 


137 


Sulfuric acid 


1 


| 116 


302.5 


Toluene 


I 0 


1-5.25 


79 


20 


1-2 


91 .5 


Water 


| 20 


1 >-* 


| 46 




10 


l . 25 


74 


Xylene 


1 00 


1 5.2 r 


15 2 
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Table 19 

Allowed Stress of Various Materials (kg/mm 2 ) 



Material 


Allowed 


Stress 


tensi on 


in compressio 


Alumi ni in 


3*8 


3-8 


Brick masonry 


0.2 


0.00-0.25 


Cast iron, r ruy 


2.8-8 


12-15 


Concrete 


0.01-0.07 


0 . 1 -0 . 9 


Copper 


3-12 


3-1 2 


Oak, across grain 


— 


0.2-3. r 


Oak, along ‘jfrain 


0.9-1 


1 . 3-1 


Pi ne, across grai n 


— 


0 15-0. 


Pine, along grain 


0.7-1 


1-1 


Steel, alloyed, lor m.s 






bui ldi ng 




and m 


Steel (grade 3) 




14 


Steel, carbon. 






building 


1 6-25 




Stone masonry 


Up to 0. 





E. MECHANICS OF LIQUIDS AND GASES 
FUNDAMENTAL CONCEPTS AND LAWS 

Liquids and gases, as distinct from solids offer no re- 
sistance to a change in shape \vh ch does not entail a change 
in Y«lume. To change the volume of a liquid or reduce the 
volume of a gas one must apply external forces. This prop- 
erty of fluids is called bulk elasticity. 

Pressure (p) is defined as the perpendicular force acting 
on unit surface. 

1. Statics 

External pressure applied to a confined gas or liquid is 
transmitted equally in all directions ( Pascal ’ principle). 

A column of liquid or gas in a uniform gravilationaffield 
exerts a pressure caused by the weight of the column. If the 
liquid or gas ; s assumed to be incompressible, then the 
pressure 

P=pgh, (i ,39) 

where p is the density of the liquid or gas, g is the accel- 
eration of gravity, and h is the height of the column. The 
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magnitude of the pressure is independent of the shape of the 
column and depends only on its height. 

The heights of columns of liquids in communicating ves- 
sels are inversely proportional to their densities: 



K 
I’ 2 




(1,40) 



A body immersed in a fluid is buoyed up by a force equal 
to the weight of the lluid displaced (Archimedes' principle ). 



2. Dynamics 

When a fluid is in motion with a velocity much smaller 
than the velocity of sound in that lluid, it may be regarded 
as incompressible. The motion of fluids gives rise to forces 
of friction. If these forces are small they may be neglected, 
and the liquid or gas is called an ideal fluid. 

Motion of an ideal fluid. A liquid or gas is said to flow 
at a steady rate when the velocity and the pressure remain 
constant at each point in the stream. 

In this case an equal volume of fluid flows through any 
cross-section of the pipe: 



(1,41) 

where Sj and S 2 are the areas of two different cross-sections 
of the pipe, and v l and v 2 are the velocities of the fluid in 
these cross-sections. When the cross-sectional area of the pipe 
changes, both the velocity and the pressure of the fluid 
change in such manner that .in any cross-section (for steady 
flow of an ideal fluid) the following condition is satisfied 

P + ?gh +^-= const \ 

° f 2 2 \ (1.42) 

Pi + ?S’h +-2--P 3 + ?ghi+-Y . J 

where p is the pressure, p is the density of the fluid, h is 
the height of the given cross-section of the pipe above a 
given level, and v is the velocity of the fluid in the given 
section of the pipe (Fig. 14). 



fundamental concepts and law. 



Equation (1,42) is called Bernoulli's equation. From this 
equation follows Torricelli's theorem: 

gtf, (1,43) 

where v is the velocity of the liquid emerging from a small 
orifice in the vessel, and H i ; the height of the surface of 
the liquid above the orifice (Fig. 15). 




Fig. Illustration 
mula (1.42). 




Motion of a viscous fluid. When one layer of a fluid 
moves over another layer forces of friction arise. 

When a solid (e.g. a sphere) moves through a fluid, the 
adjacent layer of fluid adheres to the surface of the solid and 
moves with it, while the remaining layers of fluid slide over 
one another. The force acting on a solid moving in a vis- 
cous medium (fluid) is opposite in direction to the velocity 
and is called the resistance of the medium . If no eddies are 
formed in the wake of the moving body, then the resistance 
of the medium is proportional to the velocity v. In the 
particular case of a sphere of radius R the resistance of the 
medium is 

F=z6nx\Rv, (I >44) 



where t] is the coefficient of internal friction , or the coeffi- 
cient of viscosity. In the CGS system of units viscosity is 
measured in poises : 1 poise=l gm/cm sec. 

Formula (1,44) is called Stokes' formula. 

When a small sphere falls through a viscous fluid its veloc- 
ity of uniform (steady) motion is determined by the for- 
mula 



0 - Or 2R Z 
v=g~ ~X~Q- 

T1 9 



n 



(1.45) 
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R is its radius, is 
osi f y , and g b the accel- 



where p is ihe density of 
the density of the Hu id, rj 
eration of free fall. 

The volume of fluid 
capillary tube of radius 
difference on the xnK of 



uv. in unit time through a 
length / when the pressure 
' Pi P > equals 

(Pi — Pj- (1.^6) 



The viscosity of Pu.k depenc. markedly on the tempera- 
ture. 



Viscosity 



TABLES 

V v ions Liquids at 18° C 



Tabk 20 



10 - 



sec 



Accti c 


Glycerine . 


1 


Ace l oiio 


AAn nine oil. 


00 


Ani li no 


jj Machine oil. 


1 1 3 


Benzene 


u73 Mercury . 


1 59 


Bromine 


02 1! Methyl alcoh 


0.032 


Carbon clBulli clc* 


j 3*2 jj Olive oil 


90 


Castor oi 1 


1 i| Pentane . 


0.244 


Chloroform 


|| Propyl alcohol . . 


2. 39 


Cy li nder oil, 


I Soya ,;ean oi i (30 c C) 


4 0 . 0 


Cv tinder oil, :A 


li Toluene 


0 . 0 1 j 


‘('10° C) 


.0 9 jj Water 


1 05 


Ethyl alcohol 


.22 jj Xylene 


0.047 


Ethyl ether 


233 





Table 21 

Viscosity of Va lens Gases at 0° C 





j 


j Gas 


7 , X 1 0* 
g cm sec 


Air (without 




1 Hydrogen 


0 .34 


Ammonia 




l Methane . . 


1 . 04 


Carbon dioxide . 




1 \ : i trie oxi de 


1 72 


Carbon monoxide. 




Nitrogen . . 


1 .07 


Chlori ne. 




j Ni t rous oxi de. 


1 . 33 


Heli uni 




i Oxygen 


1 92 
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Table 22 



Viscosity of Water at Different Temperatures 



t, °c 


0 










25 


30 


40 


50 


i) X 1 0* g/ cm see 


1,794 


1,518 


1 

1 , 307 


1,140 


1 ,004 


895 


803 


G55 


551 


t, °C 


GO 


70 


80 


90 


1 00 


1 10 


120 


130 


140 


150 


160 


7) X 1 0 r> g/c m sec 


470 


407 


357 


317 


28 1 


25G 


2 2 


212 


I9G 


184 


1 74 



Table 23 



Viscosity of Glycerine, Castor Oil and Benzene 
at Different Temperatures (qXlO 2 &/ cm sec ) 



t, °C 
Liquid 


0 


10 


20 








100 


200 


Benzene 




0.76 


0.65 


0. 5G 


0.436 


0.350 


0. 2G1 


0.111 


Castor oil 


— 


2,440 


987 


4 5 5 


129 


49 


— 


— 


Glyceri no 


12,100 


3,950 


I , 480 


GOU 


180 


59 


13 


0.22 



Table 24 

Viscosity of Liquid Helium 



T, °K 


4.021 


3.738 


2.315 


2 174 


2.145 


1 . 988 


1 7G2 


1 . 304 


i) X 1 0 r * g/cm sec 


2.98 


2.75 


97 


.95 


55 


0. GO 


0.356 


0.124 



3 - 4G 



4 



50 
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Tahir 25 

Viscosity of Air at Different Temperatures and Pressures 
(r) X g/ cm sec) 




Tabic 26 

Viscosity of Some Metals in Hie Liquid State 



Mela 




7) X 1 0 i; 






2 0 0 


Alumi ni n in 




1 4 0 




:\o 1 


1 


Bismuth 


4 •:> ! 


1 




1-0 0 


0 




-1 4 1 


2 1 1 


Lead 


55 I 


1 GO 




8/14 


1 IS 




20 


1 .5-1 




50 


1 . 40 




100 


1.2-1 




200 


1 . 03 


Mercury 


300 


0.00 




4 00 


0.83 




500 


0.77 




GOO 


0 . 74 




103.7 


0 . G9 


Sodium 


4 00 


0,25 




700 


0.18 




24 0 


1 91 


Tin 


4 00 


1 38 




GOO 


i .o; 



CHAPTER II 



HEAT AND MOLECULAR PHYSICS 



FUNDAMENTAL CONCEPTS AND LAWS 



The thermal state of a body is characterised by a quantity 
called the temperature. A change in the temperature of a 
body entails a change in almost all its properties (dimen- 
sions, density, elasticity, electrical conductivity, etc.). 

The temperature of a body is related to the average kinet- 
ic energy of thermal motion of its molecules. 



Temperature is expressed 
The most widely used is 
the centigrade (or Celsius) 
scale. The zero point of 
the centigrade scale is the 
point at which water is 
in equilibrium with ice; 
the point 100° on the cen- 
tigrade scale is the boiling 
point of water at standard 
atmospheric pressure. In 
addition to the centigrade 
scale the Kelvin (or abso- 
lute) scale is frequent b- 
used; the zero of this scale 
is at— 273. 16° C, and 
the degrees are of the same 
size as on the centi- 
grade scale. The Reaumur 
and Fahrenheit scales are 
less frequently used. 

Fig. 16 shews the cen- 
tigrade, Reaumur and 
Fahrenheit scales for com- 
parison. 



in different 

c 



Boning point 
of mi p I 



temperature 




Meitingjioint 



•iff 10. Centigrade. Reaumur 
and Fahrenheit thermometer 
scales. 

4 * 
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1. Calorimetry 



When a body is heated its internal energy is increased. 
Thus, heat can be measured in units of work or energy. 
Historically, however, a special unit — the calorie — was 
adopted for measuring heat. 

The calorie is defined as the quantity of heat required to 
raise the temperature of one grain of water one degree — 
from 19.5° C to 20.5° C. 

The kilocalorie (or kilogram calorie)=l, 000 cal=427 kgm= 
—0.24 joule. 

The quantity of heat required to raise the temperature 
of a body of unit mass from t 0 to t x —t.^-\~At is denoted 
by A Q. The mean specific heat in the given temperature 

interval defined as the ratio The limit of 

At 

this ratio 



e, = Jim 



A Q 
At 



is, by definition, the true specific heat at the temperature f 0 . 
The true specilic heat depends on the temperature. However, 
in most cases this dependence is neglected and it is assumed 
that the true specific heat (or, simply, the specific heat) can 
be defined as the quantity of heat required to raise the 
temperature of a body of unit mass from t° C to (/-f-l)°C 
at any temperature t. 

The quantity of heat Q absorbed by a body of mass m 
when its temperature is increased by At equals 

Q=cmAt , (2,1) 

where c is the specific heat. The specific heat of a body also 
depends on the conditions under which it is heated. If the 
body is heated at constant pressure then c p is defined as 
the specific heat at constant pressure. If the volume of the 
body does not change upon heating, then c. v is defined as 
the specific heat at constant volume When a body is heated 
under constant pressure, a part of the heat imparted to it is 
spent on the work of expansion of the body; hence, c p >c v . 
The specific heats c p and c v for a substance in the solid 
state differ very little. 

For a given pressure there exists for every substance a 
definite temperature, called the melting point , at which the 
substance passes from the solid to the liquid state. Through- 
out this transition the temperature remains constant. Upon 
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melting a substance increases in volume (except For ice, cast 
iron and bismuth which decrease in volume). The quantity 
of heat required to melt a body is given by the formula 

Q=)»m 9 (2,2) 

where m is the mass of the molten body, and X is the heat 
of fusion. 

The heat of fusion is defined as the quantity of heat re- 
quired to convert unit mass of a solid at the melting point 
into liquid at the same temperature. When a liquid crystal- 
lises (solidifies), heat is evolved. 

The heat of fusion is equal to the heat of crystallisation*. 

When a liquid is contained in an open vessel vaporisa- 
tion-conversion from the liquid to the gaseous state — 
takes place continually on its surface. During vaporisation 
molecules escape from the surface of the liquid. Vaporisa- 
tion which takes place not only on the surface, but within 
the liquid as well, is called boili.no . A liquid boils at a 
definite (for a given external pressure) temperature. This 
temperature is called the boiling point It remains constant 
throughout the process of boiling. Boiling requires the 
expenditure of a quantity of heat: 

Q—rm , (2/') 

where m is the mass of evaporated liquid and r is the heat 
of vaporisation. 

The heat of vaporisation is fined as the quantity of heat 
required to convert unit mass of a liquid at the boiling 
point into vapour at the same temperature. When a vapour 
or gas is condensed (i.e., converted from the gaseous to the 
liquid state) heat is evolved. 

The heat of vaporisation is cqu to the heat of conden- 
sation. 

The boiling point and the melting point depend on the 
external pressure. 

The evaporation of a liquid from an open vessel can pro- 
ceed until all of the liquid is converted into vapour. In a 
closed vessel evaporation proceeds until a state of equilib- 
rium between the mass of the liquid and that of the vapour 
is reached. At this stage evaporation and condensation com- 
pensate each other. Such a state of equilibrium is called 



* This refers to crystalline and polyc ryslalline bodies. A crystalline 
body is one whose properties are different in different directions. 
A body composed of numerous crystals is called polycrystalline . 
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dynamic. A vapour which is in dynamic equilibrium with 
its liquid is called a saturated vapour. The pressure and 
density of a saturated vapour are determined by the temper- 
ature. 

Boiling occurs at the temperature at which the pressure 
of the saturated vapour is equal to the external pressure. 

The pressure and density of a saturated vapour increase, 
while the density of the liquid decreases with increasing 
temperature. When a liquid is heated in a closed vessel the 
result will depend on the amount of liquid. If the quantity 
of liquid is great, then upon expansion it will eventually 
occupy the entire volume of the vessel. If the quantity of 
liquid is small, then at a certain temperature it will evapo- 
For a certain initial quantity of liquid in 
th- \ ssel the liquid and its 
saturated vapour will remain 
in equilibrium as the temper- 
o increases, up to a cer- 
tain point, at which their 
densities become equal and 
the meniscus dividing them 
disappears. This state is 
called the critical state, and 
the values of the density, 
pressure and temperature cor- 
responding to it are called 
criliiul values. 

The heal of vaporisation 
depends on the temperature. 
As the temperature increases 
the heat of vaporisation de- 
creases, and at the critical 
temperature it becomes zero. 
The heat of vaporisation (r) is expended on the work performed 
by the molecules in escaping through the surface layer 
of the liquid (internal heat of vaporisation p), and the work 
of expansion upon passing from the liquid to the vapour 
state (external heat of vaporisation \\i ) . Fig. 17 shows the 
dependence of r % p, and ip on the temperature t for water. 
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Fig. 17 Tom per;’, m i-e opendonoe 
of external (&), internal (f) and 
total (/-) heats of vaporisation for 
water. 
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Thermal Expansion of Solids and Liquids 
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